Freshwater turtles are commonly kept in captivity as pets, bred in zoos for conservation programs, and commercially farmed for pet markets and human consumption, but their nutrition can be challenging. However, based on practical experience, two main strategies may be identified: the use of non-calculated raw diets and the use of balanced commercial feeds. raw diets are based on fresh, frozen and dried components including invertebrates, fish, rodents and plant matter; they imitate the variety of foods that are accessible to turtles in the wild and are considered most useful when turtles are bred for reintroduction into their natural habitat as part of conservation programs. granulated, pelleted or extruded commercial diets are frequently used for farmed and pet turtles; they contain animal-and plant-based materials supplemented with vitamin and mineral premixes and calculated to reach the nutrient levels assumed to be optimal for most species. until more species-specific information on the nutritional requirements of freshwater turtles is available, the chinese softshell turtle (Pelodiscus sinensis), a commonly commercially farmed species for human consumption, may be used as a reference for other species in terms of suggested nutrient levels. Based on experimental data, the most important nutrients and their levels that should be included in turtle diets are crude protein (39.0-46.5%), crude fat (8.8%), ca (5.7%), p (3.0%), methionine (1.03%), and cysteine (0.25%). the diet composition for freshwater turtles should be based on scientific knowledge and practical experience, so this paper aimed to present and discuss the available data on the nutrient requirements of turtles and the characteristics of the feed materials used in their nutrition.
Freshwater turtles are widely distributed in almost all types of aquatic habitats (Bonin et al., 2006) , so their diets and feeding strategies in the wild vary substantially. However, most are opportunistic carnivores or omnivores, consuming invertebrates, small vertebrates, and aquatic vegetation (Bouchard and Bjorndal, 2006; Gibbons, 1990; Luiselli et al., 2011; Ottonello et al., 2005; Rhodin et al., 2008; Spencer et al., 1998 ). The wide spectrum of feeding strategies among freshwater turtles and their slow metabolism may explain their high tolerance for unbalanced diets, but their longevity and the energetic expense required for shell mineralization make them vulnerable to nutritional deficiencies in captivity (McWilliams, 2005) . Moreover, the nutrient requirements for most species, especially those not routinely used in large-scale turtle farming, are poorly documented. It should be highlighted that the nutritional needs of freshwater turtles are affected by numerous factors such as the species, environmental conditions, digestion and assimilation efficiency, sex, age, health status and history of specimen (Figure 1 ), but diet composition should be both species-specific and suitable for raising turtles in captivity. Therefore, diets used in commercial turtle farming may not be adequate for non-commercial purposes in terms of feed ingredients or physical form of the feed which are optimized in terms of feed utilization and economic results. However, the available data on the nutritional requirements of turtle species that are commonly raised commercially (i.e., the Chinese softshell turtle (Pelodiscus sinensis) may be an important source of general information for other turtle species kept as pets, in zoological institutions or as part of conservation programs. This paper aimed to present and discuss the available scientific data on the nutrient requirements of turtles and the characteristics of the feed materials used in their nutrition. (Bouchard, 2004; Gibbons, 1990; Luiselli et al., 2011; McCauley and Bjorndal, 1999; Seebacher et al., 2004; Spencer et al., 1998; Zhang et al., 2009) and it plays a key role in vitamin D 3 synthesis and storage and the transformations of lipids, proteins and glycogen. Another important GIT gland is the pancreas, which is situated along the proximal segment of the duodenum (McArthur et al., 2008) . Because turtles are ectothermic, their metabolic rate and digestion mainly depends on the temperature of the environment and external heat sources. For most turtle species, feed intake and enzyme secretion and activity, as well as the absorptive capacity of the intestinal mucosa, are highest and feed passage is shortest in the preferred optimal temperature zone (POTZ), above which these parameters decrease (Figure 3 ) (McArthur et al., 2008; Seebacher et al., 2004; Sun et al., 2007) . In most species, this zone is between 25 and 34°C (Table 1) (Gibbons, 1990; Mitchell and Tully, 2009) , and turtles can even reach their POTZ in lower air temperatures through basking behavior. However, there are exceptions, especially in species that naturally inhabit cold mountain creeks such as the big-headed turtle (Platysternon megacephalum), whose POTZ is 22-25°C (Jianwei et al., 2013; Zhang et al., 2009 ). Due to the above-mentioned behavioral mechanism and the lack of energetic expenses for heat production, the average reptile energy expenditure is only 25-35% that of mammals (Mader, 2005) . In reptiles, energy utilization mainly depends on feeding strategy and diet composition. Carbohydrates are a source of 75% of the metabolizable energy for herbivorous and 50% for omnivorous reptilian species. In carnivores, carbohydrates provide only 5% of the dietary matabolizable energy, while protein provides 50% and fat 45% (Hand et al., 2000; Mader, 2005) . The function of the GIT microbiota has not been well studied in reptiles, but it seems to play an important role in the secretion of bacterial enzymes and the immunological response. Similar to other animals, microbial homeostasis in reptiles may improve gut health, while disturbances in composition may lead to depressed growth and subclinical and clinical infections (Lei and Yaohong, 2010; Zhang et al., 2014; Rawski et al., 2016) . The microbial GIT symbionts in turtles significantly support plant matter digestion and produce SCFAs, which may be an important energy source for omnivorous or herbivorous animals (Bouchard and Bjorndal, 2005) . Based on its SCFAs concentrations, the anterior large intestine should be considered the main site of microbial fermentation of carbohydrates of plant origin in T. scripta. In the Florida red-bellied cooter (Pseudemys nelsoni), microbial fermentation may also occur in the small intestine (Bjorndal and Bolten, 1990; Bouchard and Bjorndal, 2005) . It has been suggested that the importance of SCFAs as energy source increases with an increase in the amount of plant matter in the turtle diet, but it may also depend on fermentation capacity (Bouchard, 2004; Bouchard and Bjorndal, 2005) . The pattern of the relative proportions of SCFAs in T. scripta was described as acetate > propionate > butyrate > valerate (Bouchard and Bjorndal, 2005) . During development, several species undergo an ontogenetic diet shift from carnivorous hatchlings to omnivorous adults (Bouchard, 2004; Bouchard and Bjorndal, 2006; McCauley and Bjorndal, 1999) ; this occurs in Emydidae and Chelidae as well as in other reptile species (Bouchard, 2004; Bouchard and Bjorndal, 2005, 2006; Kennett and Tory, 1996) . Both juvenile and adult turtles digest animal and plant matter, but animal matter has a higher digestibility compared to plant matter in juvenile T. scripta (97.2% vs. 89.4%) and results in greater growth (0.2 vs. 0.6 g/week). In adults, plant matter is more digestible (Bouchard and Bjorndal, 2006) . However, in most cases, adult turtles do not become predominately herbivorous; in T. scripta, the animal to plant matter ratio in the diet was recorded as 77:23 (Gibbons, 1990) . This diet composition may by highly nutritive for GIT microbiota, and the nutrients supplied from animal matter may support plant matter microbial fermentation (Bjorndal, 1991) . It is assumed that adult turtles can meet their metabolic demands on a plant-based diet, which would be insufficient to meet juvenile growth requirements due to the low concentration of protein and energy (Bouchard and Bjorndal, 2006) . Figure 2 . Gastrointestinal tract (GIT) segment proportions (% of the entire GIT length) in selected turtle species. Data for Trachemys scripta (n=40, 1 year old non-sexed specimens), Sternotherus odoratus (n=36, 1 year old non-sexed specimens) and Apalone ferox (n=40, 1 year old non-sexed specimens), M. Rawski unpublished data. *Data for Pangshura tenoria (n=20, adult specimens, both sexes) based on the literature (Rahman and Sharma, 2014)
*POTZ -preferred optimal temperature zone. Figure 3 . Dependence of turtle nutritional performance (including feed intake, digestion efficiency, enzyme secretion, digesta turnover) on environmental temperature (Seebacher et al., 2004; Zhang et al., 2009) 
nutritional requirements
In contrast to domesticated animals, no standardized nutritional requirements are available for most freshwater turtles, which makes the provisioning of a proper diet in captivity challenging. There are general rules for feeding different age groups of turtle species that inhabit a wide range of ecological niches, but it should be emphasized that in the case of highly specialized species, such as the matamata (Chelus fimbriata), only species-specific diets that reflect their feeding ecology in the wild should be provided. Nutritional requirements are best known for commonly farmed freshwater turtle species, and they may be used as a reference and by analogy for other turtles until better information is published. The Chinese softshell turtle (Pelodiscus sinensis) is the best-known species due to large-scale farming in Asia, and many studies on its nutritional requirements have been published (the results are summarized in Table 2 ). In the first days after hatching, turtles may not consume any food due to yolk sac absorption, which satisfies some of the nutritional needs of hatchlings (Mitchell and Tully, 2009 ). The hatchlings of most freshwater turtle species are almost strictly carnivorous (Bouchard, 2004; Bouchard and Bjorndal, 2006) , so their growth performance is correlated with the concentration of crude protein (CP) in the diet (Gibbons, 1990) . The optimal CP level for young Pelodiscus sinensis is assumed to be as high as 39-46.5% (Jia et al., 2005; Nuangsaeng and Boonyaratapalin, 2001; Zhou et al., 2013) and is likely dependent on the energy content of the diet (Nuangsaeng and Boonyaratapalin, 2001) . A study of P. sinensis suggests that the optimal CP to energy ratio of the diet should be at the level of 32-36 mg/kJ -1 (Zhou et al., 2013) . This ratio should be considered an important factor in diet suitability; when the ratio is too low, it may not only limit growth but feed intake as well. Crude protein characteristics, such as the quantity, ratios and bioavailability of essential amino acids, are key factors in animal nutrition (Ei and Kavas, 1996) . Methionine and cysteine seem to be limiting amino acids in P. sinensis with estimated optimal levels of 1.03% and 0.25% of the diet, respectively (Huang and Lin, 2002) . No experimental information is available for lysine. Exogenous taurine also seems to be essential and should constitute 0.9% of the diet, especially when CP of plant origin is used (Hou et al., 2013) . The CP concentration in captive turtle diets may be lowered when the animals reach sexual maturity and their growth rate decreases, and plant matter should be provided to achieve this goal. A nutritional experiment using the scorpion mud turtle (Kinosternon scorpioides) indicated that slow-growing adults may be fed CP at a lower level than young turtles (26%), but in the case of breeding stock females, diets containing 61-66% animal-derived CP increased laying performance and egg quality compared to 26% dietary CP (da Costa Araújo et al., 2013) . Furthermore, in the case of slow-growing, non-breeding stock adult males or females, the balance of protein and energy should be only slightly above zero to avoid obesity (Rawski and Józefiak, 2014) .
Nutritional recommendations for P. sinensis diets are optimized to maintain high growth performance, so when turtles are not maintained under commercial farming conditions, energy and protein concentrations may be lowered to prevent too-rapid growth and poor skeletal system development. Due to the low energetic expenses of turtles and the high availability of feed in captivity, no additional source of dietary fat is needed in most cases. However, in fast-growing P. sinensis, the optimal fat content in the diet is estimated to be 8.8%, and there is no apparent effect of fat source on growth performance (Lin and Huang, 2007) . Turtles probably have the highest skeletal mass to body weight ratio among all vertebrates. Calcium and phosphorus should be given at a ratio of approximately 2:1, i.e., 5.7% and 3.0% of the diet, respectively, according to studies of P. sinensis (Huang et al., 2003) ; a lower Ca:P ratio may cause shell malformations or lower growth rates. Other minerals such as Mg, Fe, Zn and Cu also seem to be important for turtle metabolism and shell mineralization (Chen et al., 2014; Chu et al., 2007; Huang et al., 2003; Huang et al., 2010; Wu and Huang, 2008) . Vitamins are a group of complex organic compounds that are present in small amounts in plant and animal matter. Their ingestion is essential for normal metabolism, and deficiencies can lead to various diseases (McDowell, 1989) . Vitamin C has been shown to have an important role in the ability of turtles to withstand stress (Zhou et al., 2002) . The diet of P. sinensis should contain 2500 mg/kg of vitamin C and 88 IU/kg of vitamin E (Huang and Lin, 2004; Zhou et al., 2002) . For vitamin A, 2000-8000 IU/kg of the diet on a dry matter basis seems to be adequate (Mader, 2005) , but this vitamin may be synthesized by turtles using β-carotene, of which 50-90 mg/kg should be provided in the P. sinensis diet (Chen and Huang, 2011) . In contrast, lutein and canthaxanthin may be equally or more effective forms of provitamin A in reptiles, which may selectively absorb carotenoids (Raila et al., 2002) . Vitamin D 3 synthesis occurs in reptilian skin and is stimulated by UVB radiation; in carnivorous and omnivorous species, dietary sources of this vitamin seem to play an important role (Hoby et al., 2010) . However, despite being the key for shell mineralization, the vitamin D 3 requirements of turtles are still poorly known (McArthur et al., 2008) . Feeding strategies in captivity Due to the practical experience of zoos and breeders, two main strategies may be distinguished for providing adequate nutrition for turtles in captivity. The first is the use of non-calculated, raw diets based on unprocessed or minimally processed components, such as live, fresh, dried or frozen food items; the main aim is to imitate the natural diets of freshwater turtles with undetermined nutritional requirements (examples of natural diet compositions are shown in Table 3 ). The second strategy is based on commercial diets, which may be considered suitable for the most commonly kept turtle species (in the Emydidae and Pelomedusidae families). Another important issue is feeding frequency and quantity, which are restricted under natural conditions by prey availability, season and predation success. These factors lead to periodic starvation that results in the use of body energy reserves, which tends to result in lower growth and breeding performance than would have been possible based on the genetic potential of the animals. This is in contrast to the situation in captivity, where regular access to an appropriate diet will lead to the fulfillment of the genetic potential. However, it should be emphasized that food restriction seems to have health benefits and promotes longevity in animals (Lawler et al., 2005) . Additionally, high nutrient and energy availability may result in accelerated growth and poor bone mineralization in turtles, as observed in fast-growing poultry and other animals (Julian, 1998) , and it may also cause obesity in adult animals, including turtles (Mader, 2005; Mitchell and Tully, 2009; Rawski and Józefiak, 2014) . Turtles can achieve high feed intake; T. scripta elegans may consume up to 12% of its body weight during one meal (Rawski, unpublished data). Under experimental conditions, 4% of body weight was reported to be an optimal meal size for suitable growth performance in P. sinensis since higher feed intake may decrease nutrient digestibility (Lei, 2006) . In contrast, commercial feed producers frequently advise that turtles be fed ad libitum or during restricted time periods, sometimes even more than once daily. However, in the opinion of this author, restricting the amount, not feeding time, of commercial feeds containing a high amount of dry matter may be more effective at preventing overfeeding, excessive growth and obesity. 
raw diets
Raw diets are considered most suitable for turtles designated for reintroduction into the wild as well as for those used as breeding stocks in conservation programs. The diets should be as similar as possible to the variety of food resources accessible to specific turtle species in their natural environment, including live prey, and in most cases, these diets are based on invertebrates, insects and their larvae, as well as small vertebrates to maintain foraging and hunting abilities of animals at optimal level. Many turtle breeders and zoos use gelatin-based diets (puddings) that fall somewhere between raw and commercial diets. These diets are multi-ingredient mixtures solidified by gelatin and represent the easiest way to maintain a diverse diet based on fresh and frozen ingredients. The main advantage of these diets is the possibility for modifying recipes according to changes in scientific knowledge, experience and the available components. All raw components should be used fresh or after a single freezing; prolonged storage or refreezing may promote microbial contamination and nutrient degradation, which can result in negative side effects for the animals. Gelatin-based diets should be offered at a temperature similar to that of the turtles' environment and not frozen. If raw diets are aimed at imitating natural ones, invertebrates, fish, rodents and aquatic plants should be used. The nutritional values of materials of animal origin that are commonly used in turtle nutrition are given in Tables  4 and 5 . It should be suggested that even in the case of raw, nature imitating diets use, their nutritive value should be calculated and at the diet composition optimized according to current knowledge about nutritional requirements of turtles. invertebrates Insects are a rich source of high-quality protein, essential amino acids and other nutrients. Additionally, they have short life cycles and are easy to produce and handle (Józefiak et al., 2016; Ramos-Elorduy et al., 2002) . Due to a high amount of invertebrates in the natural diets of many turtle species (Table 3) , insects are an important dietary component in captivity, but the high fat content in insect larvae, e.g., meal worms (Tenebrio molitor) or wax worms (Pyralidae), may lead to excessive energy intake. Chitin is the main component of insect exoskeletons, and it seems to be well digested by chitinases and chitobiases produced by the stomach and pancreas in turtles (McArthur et al., 2008 ). An important disadvantage of feeder insects is that their Ca:P ratio is less than optimal (2:1), and most contain low amounts of vitamin A and D 3 . Therefore, supplementation of additional Ca and vitamin A and D 3 is required. Feeding insects a vitamin-and-mineral-rich diet shortly before feeding them to turtles, which is also known as "gut-loading," will improve their nutritional content (Finke, 2003) . Earthworms and night crawlers are also suitable turtle feed; they have high mineral contents because of the high volume of soil in their guts (Bernard et al., 1997) . Similarly, a variety of shellfish may also be used due to their high nutritive value, but negative effects may result from the long-term use of shellfish-based diets due to the high concentrations of environmental pollutants in shellfish, especially heavy metals (Sivaperumal et al., 2007) .
Fish
Fish are a natural and valuable component of captive turtle diets. They contain, on average, 15-20% high-quality protein that is rich in essential amino acids, i.e., lysine, methionine and cysteine. Moreover, fish are a good source of vitamins A, B complex and D 3 as well as minerals, such as Ca, P, Fe, and S, and long-chain polyunsaturated fatty acids (Tacon and Metian, 2013) . Whole small fish should be fed frequently to most freshwater turtles and should be the main diet component for Chelus fimbriata and other piscivorous species. The presence of live small fish (Poeciliidae or Danio spp.) in the turtle tank may serve as a food source but also stimulate turtle foraging behavior. However, when a fish-based diet is used, frequent use of fish in the Cyprinidae family should be avoided due to their high amounts of thiaminase, a B 1 antivitamin (Mader, 2005) .
Mammals and birds
For many years, the main component of captive turtle diets was animal matter derived from commercially raised domestic mammals or birds, which do not account for a significant proportion of natural freshwater turtle diets. However, whole carcasses (e.g., mice and rats or quails and chicks) are frequently used in captive turtle feeding. The skeletons and GIT contents of vertebrates provide valuable vitamins and minerals (Hand et al., 2000) , and fur and feathers mechanically stimulate the GIT, similar to the function of the fiber in plant matter. Among the most commonly used rodents, adult mice seem to be most suitable for freshwater turtles due to their high mineral content and adequate Ca:P ratio (Mader, 2005) . In contrast, filleted meat, an excellent protein source, should not be fed as one of the main diet components because of its low content of minerals and vitamins. If the abovementioned feeds, such as insects, whole fish or rodents, are not available or they are refused by the turtles, internal organs, particularly the liver and kidneys, are good alternatives due to their high protein quality and high concentrations of fat-soluble vitamins (Acker et al., 1959) . However, care should be taken not to feed raw liver in large quantities since hypervitaminosis A, which is often fatal, can develop (Mans and Braun, 2014) .
plant matter
To simulate their natural diet, most adult freshwater turtles should be provided with various amounts of plant matter. In captivity, aquatic plants such as duckweed (Lemna spp.), pondweed (Elodea spp.), and hornwort (Ceratophyllum spp.) are frequently used. Algae such as Spirulina spp. are also used in commercial fish and turtle diets, and they are also available in a dried form and may be used as a separate feed component. Aquatic plants may be permanently present in turtle tanks and be ingested between main meals. For some tropical and subtropical turtle species, fruits may also be used, but in the case of T. scripta elegans, we observed digestive disturbances after feeding fruits, such as bananas (Rawski, unpublished data).
commercial diets
Most commercial diets are extruded or hot pelleted and are based on animal and plant materials with dry matter contents close to 90%. The declared average nutritional values of various commercial diets are presented in Table 6 , and in many of them, the Ca:P ratio is close to 2:1. However, the levels of these nutrients are low relative to the optimal levels for P. sinensis, not exceeding 2.1% for Ca and 1.4% for P. Frequently, the declared nutritional content is not described in detail or given just as minimal or maximal levels, but based on research carried out on P. sinensis, the chemical composition of commercial diets appears to meet the main requirements of turtles in terms of the CP and fat contents. In contrast to fresh components, the vitamin levels of commercial diets may be partially decreased relative to the declarations of the producers due to improper storage as well as processing, i.e., extrusion. Practically, the use of commercial feeds supplemented with natural components seems to be a good strategy for maintaining diet diversity in captivity (Mitchell and Tully, 2009 ), but from the nutritional point of view, this strategy leads to an unknown supply of energy and nutrients. In commercial diets, the main components are meals of animal origin, cereals and soybean meal supplemented with vitamin and minerals, and in the case of plant matter-based diets, the levels of essential amino acids may be not sufficient for strict carnivores. Moreover, the phosphorus in plant matter, and in cereals in particular, is bound in a phytate form, which is unavailable to monogastric animals (Pen et al., 1993) . When plant matter is used as an animal protein replacement in diets for mainly carnivorous turtles, Ca, Mg and P supplementation or the use of endogenous phytase may be needed, as was shown in P. sinensis (Chen et al., 2014) . If commercial diets are offered, the trends of lower CP requirements and ontogenetic diet shifts during different life stages are often not considered, but several commercial diets are now available that provide formulations for hatchlings, growing turtles and adults that contain approximately 40, 35 and 20% CP, respectively (Table 5) .
consequences of improper nutritional practices
In the available literature we can find frequent reports on diet related and metabolic disorders in turtles. Most of them deal with nutritional metabolic bone disease and hypovitaminosis A which are well discussed (Mader, 2005; Boyer, 2006; Donoghue, 2006; Mans, 2013; Mans and Braun, 2014) . However in the case of captive turtles issues which are not directly caused by inaccuracy of diet composition seem to be neglected. They involve environmental factors, form and amount of feed as well as feeding frequency which all together affect metabolism and feed acceptance. Most of diet and environmental-related issues are caused by lack of knowledge. In some cases turtle keepers are not able to identify whether the animal is turtle or tortoise and keep freshwater species with no or limited access to water which results in dehydration and malnutrition (Köbölkuti et al., 2016) .
stress, improper environmental conditions and diet form
Captive reptiles are subjected to many stressors, however, this is frequently ignored due to common opinion that they are less likely to be negatively affected by them than higher vertebrates. The time to response after stressors including improper environmental conditions vary from several minutes to even weeks after the factor occurs (Silvestre, 2014) . A very frequent stress-related issue in turtles is anorexia which may be caused by hypothermia, diseases, injuries, chronic pain or harassment. Particularly prone to anorexia are hatchlings, wild-caught individuals and animals in short period after transfer between facilities. They frequently refuse to ingest food for a long period of time due to poor acclimatization to captivity. Hatchlings may not accept the food until full yolk sack resorption, in adults food refusal up to two weeks after the transfer may be interpreted as normal. In their case, longer periods of starving should be interpreted as a sign of illness or improper environmental conditions. For young and wild-caught animals anorexia may be also caused by improper form of the diet -they may not accept pelleted feeds, and prefer live prey. In adult females 2-4 weeks of decreased feed intake coincidental with increased locomotory activity may be a symptom of egg development and physically decreased capacity of the gastrointestinal tract. In the above case egg binding occurrence should be excluded. Authors' observations suggest that in newly settled turtles presence of the hiding areas, constant temperature in preferred optimal temperature zone, single animal enclosures and 24/24h of light photoperiod supports acclimatization. In turtle enclosure gradient temperature areas should be present to avoid hypothermia or heat stress and allow the animal for selection of its preferred temperature -optimal for metabolism in the moment. It should be underlined that too low temperatures negatively affect energy and nutrient assimilation efficiency, feed intake as well as digestive turnover rates, as it is shown in Figure 1 (Kepenis and McManus, 1974; Parmenter, 1981) Too high temperatures and heat stress when no possibility of cooling is given may also cause anorexia. Long-term nutritional deficiencies such as insufficient energy, CP, minerals or vitamin intake may lead to cachexia. When it is of nutritional origin, improper environmental conditions like low temperatures and underlying disease also contribute to development of cachexia. Treatment of both anorexia and cachexia should focus on an increase in diet energy content and optimizing environmental conditions. The type of food offered should be re-considered for cachexic wild-caught turtles which usually prefer live prey. Suboptimal environmental conditions and protein deficiency may not only reduce growth performance, but may also lead to regression in shell development in hatchlings (Gibbons, 1990) . However, turtles have the ability of growth compensation, if dietary imbalances are corrected (Xie et al., 2012) . To avoid hypophosphatemia and hypocalcaemia, refeeding of cachexic animals should not be too rapid, and energy level should be increased by 10-50% only when the animal shows improvement during treatment (Mader, 2005) . All together, above-mentioned issues may cause growth depression which is frequent, however, non-specific symptom of improper nutrition. It is present in most cases of non-balanced diet in young turtles.
stereotypic-like nutritional behavior
In many cases, reptile keepers use one or a few kinds of feed for many years without diversifying the diet of captive turtles. It may be the reason not only for development of metabolic disorders, but may also cause stereotypical-like behavior when animals do not accept other kinds of components than those they were fed for years. Turtles will imprint on food and prefer a diet that they are used to, instead of newly introduced feeds (Burghardt and Hess, 1966) . If new food items are not accepted, then the most effective seems to be the use of live feeds -fish, shrimps, bloodworms or other insects larvae, and small vertebrates -to enrich turtle diet and stimulate feed intake.
obesity
Another issue in the case of captive animals is positive energy balance -higher intake than expenditures of metabolic energy may accelerate growth in young animals and have positive effects if there are no deficiencies in the diet. However, it may lead to obesity in adults, which is defined as an accumulation of excessive amounts of adipose tissue in the body (Hand et al., 2000) . More prone to obesity are species that are sedentary "bottom walkers" like snapping turtles (Chelydra spp.) or musk turtles (Sternotherus spp.) and African sidenecks (Pelomedusa spp. and Pelusios spp.). The best method of obesity prevention is regular body condition score (BCS) monitoring (Rawski and Józefiak, 2014) . In chelonians, BCS is assessed mainly on the basis of comparison of straight carapace length and BW. However, additional visual assessment should be performed, and conditions, which may mimic obesity excluded (Jackson, 1980; Willemsen and Hailey; 2002; Rawski and Józefiak, 2014) . Obese turtles store adipose tissue mainly in the coelom and internal organs, which may severely impair their function (Divers and Cooper, 2000) . According to screening in Pelomedusa spp. and Pelusios spp. up to 22% of captive turtles may be overweight and obese (Rawski and Józefiak, 2014) . Treatment of obesity should focus on restriction of energy intake. It should be lowered progressively to no less than 60% of usual intake. The body weight loss in that case should not exceed 0.5 to 1% weekly (Mader, 2005) . According to practical experience of the authors feeding regime in terms of frequency of feeding may be one of the most effective in obesity prevention. It may be suggested that hatchlings should receive feed 6 times per week, animals between 6 months to 2 years of age 3-4 times per week and older ones 1 or 2 times per week. Additionally, turtles should undergo seasonal environmental stimulation for breeding; lipogenesis which occurs as a part of preparation for folliculogenesis is an important obesity-preventing factor in reptiles (Divers and Cooper, 2000) .
conclusions
Despite the recent increase in our scientific knowledge of turtle nutrition, the statement by Kollias and Gentz from 1996 that "reptile feeding is an art not a science" may still be partially valid. Due to the lack of suitable nutritional guidelines for most turtle species, observations of animal development as well as the experience and knowledge of keepers are still the most important sources of information for feeding freshwater turtles. Diet composition should be verified through long-term experiments, including digestibility studies at each turtle life stage. However, the basic rules for reptilian nutrition may be stated as follows:
1. The diversification of feed sources and their similarity to natural diet components are key to achieving sustainable growth and shell mineralization.
2. Commercial diets, if properly used without overfeeding, provide appropriate nutrition for turtles in captivity. However, in many cases, their formulation should be more specifically tailored to the needs of turtles with similar natural diets.
3. The exact nutritional requirements of turtles are still largely unknown, but large-scale farming and scientific experiments provide an opportunity to gain important knowledge that is applicable to this problem. , We n k e r C., R o b e r t N., J e r m a n n T., H a r t n a c k S., S e g n e r H., A e b i sc h e r C.P., L i e s e g a n g A. (2010). Nutritional metabolic bone disease in juvenile veiled chameleons (Chamaeleo calyptratus) and its prevention. J. Nutr., 140: 1923 Nutr., 140: -1931 . H o u J., J i a Y., Y a n g Z., L i Y., C h e n g F., L i D., J i F. 
